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INTRODUCTION 
Land disposal of municipal wastewater has been the subject receiv­
ing much attention and study in the past several years . nie l iterature 
abounds with case histories and recent projects investigating the use 
of land disposal for wastewater treatment. Use of the soil mantle as 
a filter media for wastewater has been shown to b e  a very effective 
treatment means. In areas where land is a relatively low-cos t  item, 
wastewater treatment by land disposal can also be very economical . 
Several Master of Science theses at South Dakota State University 
in recent years have focused on the subject of land appl ication of 
municipal wastewater . All of these have shown that very high quality 
effluent can be achieved by passing wastewater through soi l . Since 
comparatively low-cost land is relatively abundant in the state of 
South Dakota, the conclusion reached in all of these theses was unani­
mous; land disposal has the potential of being a very effective , 
economical wastewater treatment means for municipalit i es in South 
Dakota. 
In the early 1970's, the City of Brookings, South Dakota, antici-· 
pated difficulty in meeting future wastewater effluent qual ity stan­
dards. Brookings is served by a trickling filter wastewater treatment 
facility, followed by two stabilization ponds whi ch operate in series . 
Effluent quality from the stabilization ponds is quite seasonal in 
natu�e, and more stringent effluent standards expected in the future 
may be difficult to meet. For this reason, Brookings city officials 
showed interest in a study to investigate the feasibi l ity of 
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land-infiltration as a possible advanced treatment means ·that could be 
used to upgrade the effluent from their existing treatment system. 
Tiltrum ( 1) performed a lysimeter study passing effluent from the 
Brookings stabilization pond through columns of compacted soil. Results 
of his study showed very high removal efficiencies for most common 
pollutants, but infiltraton rates determined for the· soil column were 
questionably low. For this reason it was decided that a larger scale 
pilot study would have to be undertaken before the performance of a 
full-scale land-infiltration system could be accurately predicted. 
In 1974, through a cooperative effort. between the City of 
Brookings and the Civil Engineering Department .at South Dakota State 
University, and with financial support from the Water Resources 
Institute, a land-infiltration pilot unit was constructed near the 
Brookings stabilization pond. The literature emphasizes the importance 
of conducting pilot studies at the location of a proposed system 
because of variations witnessed in nearly every land-application system 
that has been studied. · For this reason, the pilot llllits �ere con­
structed in a location that best represented ·the area where a full­
scale land-infiltration system for Brookings would possibly be built. 
In 1975, the Environmental Protection Agency began fl.llld.ing the 
pilot study and more personnel were added to the project. The scope of 
the project was ·expanded to include a study of the infiltration and 
hydraulic characteristics of the soil at the pilot llllit site, and a 
study of the capacity of the soil to remove common pollutants found in 
the stabilization pond effluent. Several graduate students are 
involved in various aspects of the pilot study, and results of their 
research are currently being analyzed. 
Specific objectives of this report are: 
1. to describe in detail the construction and operation 
of the pilot units, 
2. to determine the infiltrative capacity and character- -
istics of the soil in the pi lot uni ts in response to -
the application of stabilization pond effluent, 
3. to determine the effect of basin surface cover type 
on the infiltrative capacity of the soil, 
4. to study the response of the natural groundwater table 
to periodic floodings, and, 
5. to evaluate the feasibility of a full-scale land­
infiltration system at this location based on the 
infiltration and hydraulic characteristics of the soil . 
3 
4 
. NEED FOR P ILOT STIJDY 
General 
High-rate land infiltration treatment systems have long been known 
for providing an economical, efficient means of wastewater treat-
ment (2,3). Many systems are currently operating in the United States 
and other parts of the world, and the low-cost, high- quality effluent 
obtained through these systems obligates engineers to consider land 
disposal as an alternative means of advanced wastewater treatment. The 
many variables influencing the design, performance, and success of a 
full-scale land-infiltration treatment system clearly indicate the need 
for a well-managed, on-site pilot study. The design and operation of 
a high-rate land-infiltration system should consider, in addition to 
the degree of treatment desired, several very important factors: soil 
type, surface clogging, basin surface management, and groundwater 
hydraulics. 
Soil Type 
Soil type is perhaps the most important factor to consider in any 
land treatment system. Desirable soil types are usually coarse tex­
tured sands, loamy sands, or sandy loams. Coarse sand or sandy gravel 
is unsuitable because contact time between the wastewater and soil 
particles is too brief for effective treatment to be accomplished (3). 
It has also been observed that finer.sands might be more satisfactory 
than coarse sands because they tend to recover initial infiltration 
capacity during drying periods (4). A soil structure in which the 
finer particles are layered above the coarser particles is desirable 
so that clogging which may occur in the finer soil that is near the - - . 
surface can be controlled (5). Soils having a high clay content are 
generally unsatisfactory due to their swelling characteristics and 
5 
possible interaction with soluble ions in the wastewater (1,2,6). Soil 
type is perhaps the primary controlling factor influencing the main-
tenance of sufficiently· high infiltration rates to make land-infiltra-
tion systems practical. 
Surface Clogging 
When wastewater is applied to a soil, clogging of the surface may 
result. Clogging of the soil surface can be either physical, chemical 
or biological (2). Physical clogging can result from compaction due 
to raindrops, tractor tires or other heavy equipment (2). Settling 
of suspended solids directly into ·the surface pore spaces also results 
in clogging and consequent lower infiltration rates (2,3,4). 
Chemical clogging is usually in the form of an actual change in 
the nature ·of the soil due to ion exchange (2) .. Applied water with 
a high sodium absorption ratio (SAR) will cause the soil to deflocculate 
and.become less permeable (2,3,6). Soils containing clay are most 
affected by a water with a high SAR and .extreme care must be· taken in 
designing land-infiltration systems on clay soils (1). 
Biological clogging is by far the most serious of any clogging 
problem that could occur (1,2,3). It usually occurs at the soil 
surface (3) and can be the result of any of several events. Accumula-
tion of a thick mat of algae on the soil surface will result in lowered 
infiltration rates (3,4,6). If anaerobic conditions are allowed to 
develop near the soil surface, bacterial slimes can grow and clog the 
soil pore spaces (2,3,4,6,7). ·Periodic drying cycles are necessary to 
maintain aerobic conditions in the soil and hence eliminate biological 
clogging (3,4,5,8). Less severe clogging would result from the 
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·application of wastewater with low suspended solids (SS), and higher 
infiltration rates could·be maintained (5). A pilot study is necessary 
to determine if clogging would occur in a land-infiltration system, and 
to project the most expedient method of eliminating the clogging 
problem. 
Basin Surface Management 
Infiltration capacities of a soil subject to flooding with waste­
water are influenced to a considerable extent by the existing surface 
condition. Several investigators have attempted to manage the surface 
condition of the soil with gravel overlays (3,6,9), vegetation (3,6), 
cultivation (3,6), etc. to increase infiltration capacities. 
Infiltration basins containing vegetation have been shown to 
produce considerably higher infiltration rates than tmvegetated 
basins (3,5). It is believed that higher rates are attained in 
vegetated basins because the plant growth prohibits direct sunlight 
from reaching the water above the basin surf ace. Stnllight can contri­
bute to a profuse algal growth that tends to clog the soil surface (8). 
It is also believed that growing plants keep the ·soil surface broken 
up allowing direct passage of the infiltrating water into the soil 
mantle (10, 11). 
Proper management of the basin surface is necessary to maintain 
sufficiently high infiltration rates. Periodic disking, shaving, 
sweeping, scarifying or rototilling are effective means o� keeping 
the infi ltration·surface loose arid permeable (3). Pilot studies-are 
needed to determine i f  a program of surf ace management would be 
necessary and/or beneficial. 
_Groundwat er Hydraulics 
Periodic flooding of an area of land wi ll result in a rise, or 
"mounding" of the groundwater tab le beneath that area (8,12,13). If 
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. -the groundwater tab le beneath a land-infi ltration basin rises to the 
bas in surface ,  the aerobic treatment zone is diminished and poor waste-.· 
water renovat ion will result (3,8�14) .  Anaerobic conditions that cause 
soil c logging devel op beneath an infiltration b as in if the rise in 
groundwater tab l e  is  not controlled (3,5) . 
Tite subsoi l b eneath infiltrat ion bas ins must have sufficient 
hydraulic capacity to transmit the renovated wastewater away from the 
infiltration s ite (15) . Artificial drainage may have to be installed 
to prevent excess ive mowiding of the groundwater and to improve the 
hydraul ic conduct ivity of the system (14) . .  Tite hydraulic conductivity 
of the underlying soil must be higher than the infiltration rate at the 
surf ace to enable high , long-term liquid loading rates to be main­
tained (3). An on-site pilot study could be used to evaluate the 
hydrau l ic characteristics of the soil at the proposed location of a 
ful l- scal e land-infi l trat ion system (16). 
The four condit ions outl ined above must be considered in the design 
and operat ion o f  a land-infi ltration system . Pilot studies have been 
shown to be the most effective technique for designing and operat ing 
land-infi ltration s it es to meet the des ired obj ectives of the overall 
wast ewater treatment system .  
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CONSTRUCTION AND OPERATION OF P I LOT UNITS 
· General 
Site selection for the pilot infi ltration s tudy was made consider­
ing the fo l lowing criteria. · 
1 .  The soi l at the pilot study site shoul d  be of· the saae 
type as that found in the area where a proposed full­
scale system might be located. 
2 .  Th e  s ite shoul d  b e  fairly leve l t o  minimize construc­
tion grading needed to bui ld the pilot units. 
3. The pi lot units should be located as near to the 
stabi l i zat ion ponds -as possible to minimize piping 
needed to conduct stabi l izat ion pond effluent to the 
pi l ot units. 
4. The e l evat ion of the pilot tmits shou l d  allow foT 
gravity flow of stabil ization pond effluent to the 
pi l ot uni ts. 
5. The e l evation of the pilot units should be sufficient 
to al l ow for free discharge from an t.Dlderdrain system 
into a nearby creek. 
As shown in Figure I, the site se lected for the pilot infiltration 
units was located between the Brookings stabilization ponds and Six 
Mi l e  Creek . The site was on property owned by the City of Brookings. 
and it appeared to meet all  of the criteria outlined above. Soil 
borings in this area revealed approximately four feet of silty clay 
loam underlaid by saturated coarse sandy gravel . 11\e soil was 
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Figure 1. Aerial view of pilot infiltration-percolation units. 
Figure 2. View of pilot units showing earth dikes, stage recorders, and 
application system. 
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cl as s ified as poorly drained Lamoure silty clay loam ( 1 7 ) . A detai led 
description of this soi l can be found in Appendix A .  
Construction of the pi lot lUlits took p l ace over two summers and 
involved manpower from the · City of Brookings and the Civi l Engineering 
) 
Department at South D akota State University . Numerous donations of 
equipment and material s made it possib le to construct the pil ot units 
at re lative ly l ow initial cost. 
1974 Construct ion 
Three pi lot infi ltration-percolation units were constructed during 
the summer of 1974 . The Brookings Uti l it ies Department cooperated wi th 
graduate student s and provided manpower and heavy equipment for con-
struction of the units. Three basins of approximate l y  7500 square feet 
each were constructed adjacent to each other , and were enc losed by 
three-foot earth dikes (Figure 3). 
Four- inch perforated p lastic underdrains were l aid l ongitudinally  
under each basin at a depth of about 30 inches and about 12  inches 
above the natural groundwater level at the time of construction . A 
perforated drain was al so instal led around the perimeter of the pi lot 
unit s  t o  minimi ze any interception of native groundwater with the 
pi lot unit effluent (Fi gure 4 ) . Trenches for the underdrains were made 
us ing a s ix- inch heavy duty commercial trencher , and the trench bottoms 
were careful ly hand graded to a s lope of about 0 . 05 percent . The drain 
p ipe was covered with about three inches of coarse s andy grave l , and 
the remainder of the backfi l l· consisted of excavated material from the 
t renches . The· trenches were tamped using a heavy duty air impact 
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compactor , but the lumpy, c layey nature of the soi l  may have left 
many air voids and cracks above the drain pipes . 
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A large wooden samp l ing box was constructed near the pi lot units 
to make possible the co l lection of samp l es from each of the under­
drains (Figure 4). Unperforated plastic pipe was used as a connection 
b etween the llllderdrains and the samp l ing box. A l ength of llllperforated 
pipe was instal l ed to carry treated effluent from the samp l ing box to 
Six Mi l e  Creek (Figure 4) . 
A gravity feed system us ing aluminum irrigat ion pipe was as semb led 
for conducting stab i l izat ion pond effluent to the pilot units . A large 
steel funne l (Figure 6) was constructed to col lect treated effluent from 
the discharge weir of the stabi lizat ion pond . The funne l  was connected 
to eight- inch aluminum irrigation pipe that conveyed the wastewater to 
the p i l ot unit s .  A system of six- inch irrigation pipe , valves , tees , 
and elbows was as semb led at the pilot llllits to make poss ib l e  the inunda­
t ion of the bas ins sing ly or in paral lel  (F igure 5). A venturi was 
instal led in the s ix- inch l ine to measure flow into the pi lot units .  
An eight- inch by-pass l ine was as semb led to conduct flow to Six Mi l e  
Creek a t  al l t imes when the pilot units were not being inundated . 
During construction, the natural ground cover of brome-al fal fa 
was l eft undisturbed in the center pi lot unit . The adjacent pi lot 
units were scraped , leveled, and rototi l led to a depth of approximately 
eight inches . 
'Ille dikes that encl osed the basins were covered with a s ing le 
membrane of b lack polyethylene plastic to eliminate ·any s idewall 
311245 -SOUTH DAKOTA STATE UNIVERSITY LIB�RY 
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Figure 6. Cross-section of stabilization pond dike show�ng outlet manhole, collection funnel, 
and irrigation pipe used to inWldate pilot units. .... 
.,.. 
seepage. The membrane also ·defined a measurab l e  infiltration surface 
area for each bas in. 
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Init i al inundat ion of the pi lot units in September of 1974 revealed 
some unantic ipat ed prob l ems. Poor backfi lling te chniques over the 
underdrains apparent ly resulted in a great deal of short-circuiting of 
wastewater directly into the underdrains . Several short period 
floodings were used on each bas in in an ·attempt to work the soil above 
the underdrains into a somewhat compact ed state. 
Freezing weather along with high winds in early October caused the 
plast ic dike covers to become brittle and tear. Tile mercury manometer 
used with the venturi fro ze and had to be removed. Consequently, 
metering of the inflow to the basins could no longer be accomplished . 
A colony of beavers in Six Mile Creek bui lt a large dam that 
raised the creek l eve l to an elevation which complet e ly submerged the 
underdrains beneath the p i lot units . Several beavers were. trapped out 
of the are a ,  but considering all the complications that the winter 
season was bringing, it was decided to make no further attempt to 
operat e the p i l ot units in .1974 . 
1975 Improvements to the Pilot Units 
Most of the original plastic membrane that was used for sealing 
the dikes of the pilot units had blown away during the winter 1974- 75. 
It was dec ided to install the plast ic membrane right in the dikes and 
cover it with several inches of soil. The covering was easily accom­
plished using a tractor-mounted front-end bucket and has proved to be 
a satisfactory method of holding and prot ecting the plastic membrane .  
1 6  
In late May the north an d  south pi lot unit bas ins were rototi l led, 
re level ed , and rotot i l l ed again to a depth of about eight inches . Al l 
three basins were then taped to determine the precise infi ltration 
surface areas (Figure 3) . 
Stevens Type-F float recorders were instal led in each basin to 
monitor the free water- surface level for purposes of determining 
inf�ltration rates (Figure 2) . Each recorder was equipped with an 
e ight-day c lock ,  48-hour gears, and charts capab l e  of recording water 
e levations to . 01 feet . A hole of 1/32 - inch diameter was dri l l ed in 
the base of the sti l l ing wel l s  to serve as a damper on sma l l water­
surface fluctuations due to waves . 
A magnet ic-drive irrigation meter donated by Badger Meter , Inc . 
was insta l l ed in the six- inch irrigation pipe (Figure 5) to monitor 
flow vo lumes into the pilot units . 'Ibe meter was equipped with a 
total izer and sweep hand capable of recording flow volumes to 
increments of 10 gal l ons . 'Ibe meter had been factory cal ibrated to 
an accuracy of two percent . 
Thirty- eight piezometers were instal l ed for eval uating ground­
water hydraulics beneath and surrounding the pi l ot units (Figure 7). 
Unperforated sect ions of one- inch thin-walled p lastic pipe were 
augered into the ground and tamped into place. A sma l l  board was 
placed around each piezometer just below ground level to prevent 
water from short- circuit ing direct ly to the bas e  of the piezometer . 
A l l  piezometers were instal led so the tops were at a common elevat ion . 
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Figure 7. Numberi.ng and geometric description of piezometers 
at pi lot unit sit e .  
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0perat ion of the Pilot Units 
Inundation of the pi lot units began on June 11, 1975, and continued 
on a regular weekly schedule.  Al l three basins were flooded on the 
same day, t he south bas in always being flooded first , fo l lowed by the 
middle and north basins in sequence . Each bas in took 3-5 hours to 
receive a predetermined volume of stabi l ization pond effluent . The 
basins were al lowed to drain and dry before flooding began on the same 
day of the fol lowing week. 
The total amount of wastewater app l ied to each bas in was carefu l ly 
monitored us ing the Badger flow meter . It was decided to app ly 24 
inches of stab i l i zat ion pond effluent to the south and midd l e  basins, 
and 18 inches to the north basin .  Calcul ations bas ed on surface area 
and the des ired loading rates were made to determine the gal lons of 
wastewater to b e  appl i ed to each basin . 
Bas in 
North 
Middle 
South 
Table  1 
Cover Type , Loading Rates , and Flooding Volumes for 
Pi l ot Infi ltrat ion-Percolation Units 
Loading Rate 
Cover Type (inches/week ) 
Scarified 1 8  
Brome-alfa l fa 24 
Scari fied 24 
Gallons 
Appl ied 
79 , 740 
1 1 8 , 700 
96 , 9 00 
The four-inch discharge line from the sampl ing box proved to have 
insuffi cient hydraulic  capacity to conduct the di scharge from the under­
drain system to Six Mi le Creek , caus ing the underdrains to become 
submerged during the flooding cycle . For the August 13 flooding , a 
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s ing le sump pump was instal l ed in the s amp l ing box in an attempt to 
lower the water level . A s econd sump pump was added prior to the 
flooding of August 20, and a second dis charge l ine to Six Mile Creek 
was insta l l ed to handle the increased flow volume . 1be two sump pumps 
kept the wat er l evel in the sampling box low eno_ugh to allow free dis­
charge of the tmderdrains into the samp l ing box. 
Special Study 
Preliminary data had indicated unusual ly high infiltration rates 
and ana lytical results suggested the poss ibil ity of short-circuiting 
to the shal low underdrains . It was anticipated that prolonged-inunda­
tion would saturate the soil and reduce infi ltrat ion rat-es thereby 
improving treatment . Consequent ly a dai l y  flooding schedule for a 
one-week period was tried. From October 14 to October 21, stabilization 
pond effluent was appl i ed to each basin on a dai ly basis . The sump 
pumps were removed and the original discharge line to Six Mile Creek 
was p lugg·ed for the purpose of raising the groundwater level in the 
area to saturate the underlying soi l . The amount of wastewater applied 
to each basin every day was not consistent with the loading rates 
previously establi shed, but an attempt was made to apply as much 
wastewater to the basins as pos sib l e. 
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RESULTS AND DISCUSS ION 
Data compi l ed during the operation of the pilot units from June 
11 , 1975 to November 18 , 19 75 are presented in Appendices·B-E. 
Appendix F contains analyses of variance CANOVA) for determining 
s igni ficant differences between some of the hydraulic parameters 
studied . 
Calcu l at ion of infi ltration rates for each basin was based on 
water surface e levation and time as determined by the float recorders. 
The result s in Tab le 2 were obtained for the operating season Jtme 11 
t o  November 1 8 .  
Bas in 
North 
Mi dd l e  
South 
Tab le 2 
Infi ltration Rates During Percolation 
Pi l ot Infi ltration- Percol ation Units 
June 11, 19 75-November 1 8 ,  1975 
Infiltration Rate* 
(inches/hour) 
Max Min 
1.10 0.56 
1.36 1.07 
0.94 0.54 
*Does not inc lude October 14-21. 
Mean 
0. 79 
1.22 
0.69 
During this investigation, infi ltration rates were calculated only 
during the perco l at ion cycle . The percolation cycle as used in this 
discus s ion re fers to the time period after the inflow to the basins 
had been shut off and the water level in the basins had begun to drop . 
Infi ltration rates during the perco lation cyc le were computed-as the 
maximum depth of wastewater attained above the basin surface at the 
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t ime of shut- off divided by the time for the bas in to empty . Unl ess 
s tated otherwise , infiltration rates pres ented in this dis cuss ion refer 
to average infi ltrat ion rates of the so i l  during the perco lation cycle . 
Average infi ltration rates for the.middle bas in were signi ficant ly 
higher than those for the north and south bas ins . The average rate for 
the middle basin was 54 percent higher than the north basin and 77 
percent higher than the south bas in . The middle bas in was undisturbed 
brome-al fal fa,  and infiltration �rates for vegetat ed surfaces are 
general ly expected to be higher than rates for bare soi l (3 , 8) . 
In F igure 8 ,  average infiltration rates during the perco lat ion 
cycle  o f  each flooding are plotted for the north, middle , and south 
basins . Dashed l ine segments represent periods when data were miss ing 
for one or two weeks and infi ltration rates could not be determined . 
Fi gure 8 c learly shows that infi ltration rates varied throughout 
the operat ing s eason . The plots associated with each bas in tend to 
paral l e l  each other indi cat ing that the factors respons ib l e  for weekly 
variat ion in infi ltration rates are the same for each bas in . As 
discus sed earl ier in this report , there are s everal poss ib l e variables 
that could have an influence on the infil trative capacity of a soil. 
Influence of Suspended So l ids on Infi ltrat ion Rate 
Suspended sol ids (SS) of the app lied wastewater is often one of 
the factors influencing infi ltrat ion rates (3 , 8 , 18) . The l iterature 
s tate s  that SS of the appl i ed wastewater should be kept below 30 mg/l 
in order t o  maintain high infi ltration rates (3). High SS could result 
in physical c logging of the soi l pore spaces , or it could indicat e a 
highly organic wastewater that may result in bio logical �logging. 
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Figure 9. Suspended sol ids of applied stabi l ization pond effluent. 
N (.l'1 
Suspended s o l ids of the stabi lization pond effluent used in this 
p i l ot investigation were determined by another graduat e student 
involved in the project (19 ) . These suspended so l ids results are 
presented in Figure 9 .  Suspended sol ids of the stabi l i zation pond 
effluent varied from 11 mg/1.to 79 mg/I.with an average value of 
44 mg/l .  
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. Comparing Figure 9 to Figure 8 ,  it appears that SS of the stabili­
zation pond effluent was not the variable influencing infi l tration 
rates . Simpl e correlation coefficients were comput ed between SS and 
infi ltrat ion rates, and insignificant values of r= . 36 ,  . 11, and . 2 7 
for the north , middle , and south basins , respectively , were obtained. 
This  clear ly indi cates that suspended solids were hot responsib le for 
the fluctuation in infiltrat ion rates from one flooding to the next . 
This  l ack of in fluence on infiltration rates by influent SS probab ly 
results from the re latively short period of time that wastewater was 
actual ly in contact with the soil surface (usual ly about 24 hours ) .  
Biol ogical or physical clogging due to high SS usua l ly results  from 
prol onged inundation periods (3, 8, 11) . 
Influence of Loading Rates on Infi ltration Rate 
In general ,  infiltration rate varies direct ly with the head of 
water appl ied (5 , 20) . Higher infiltration rates are expected when 
greater depths of water above the soil surface are maintained. For 
this reason , different loading rates were selected for the north and 
south basins . Fl ooding volumes corresponding to 18 inches and 24 
inche s of wastewater were applied each week to the north and south 
basins , respective ly.  
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The total depth of water (depth attained) in the b as in at the 
beginning of the percol at ion cycle was significant ly higher for the 
s outh basin in comp arison with the north bas in . Titis would be antici� 
pated becaus e  of the greater �pplication depth on the- south basin . 
With th i s  situation , higher infiltration rates should be expected in 
the south bas in .  I t  can be noted from Figure 8 ,  however , that infil­
trat ion rates for the south bas in were actual ly lower than those 
calculated for the north basin. In . an attempt to explain this 
difference, a graph was made showing the re lationship between head of 
water above the bas in surface and infi l tration rates (Figure 10) . In 
Fi gure 10 , regres sion lines were computed for the middle and south 
bas ins . A regression l ine was not computed for the north bas in because 
of the large spread in the data points as sociated with that basin . 
As shown in F igure 10, infi l trat ion rates during the perco lation 
cyc le were actual ly lower for floodings when the depth of water above 
the s o i l  surface at the beg inning of the percolat ion cycle was the 
greatest . From this relationship it seems reasonab le to deduce that 
infiltration rate was actually the independent variable influencing 
the depth attained for each flooding . A higher infi ltration rate 
during the fi l ling cyc le of any one flooding would result in a l arger 
quant ity of was tewater in fi l trat ing wh i l e  the basin i s  fi l ling .  
Consequently , a lesser depth o f  water would be attained if appl icat ion 
volumes remained constant . Since accurate measurements of the 
infi ltration rate during the fi l l ing cyc le could not be made . perco la­
tion cycl e infi ltration rates were used to plot Figure 10 . It is 
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a s s umed that high infi ltrat ion rates during the . fi lling cycle for any . -
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g iven flooding would be accompanied by high infi ltration rates duri�g 
the percolat ion cycle . For these reasons , the trends shoWll . in Figure 
10 and the deductions j ust formulated . using percolation-cycle infiltra-
t ion rates s eem reasonable .  
The original purpose for select ing different loading rates for 
the north and south bas ins was to determine whether loading Tate had 
an effect on infiltrat ion rates . The average infi ltrat ion rate for the 
north b as in was s ign i ficantly higher than the average infiltration rate 
for the south bas in .  The previous di scus s ion clearly indicated , 
however , that the depth attained measurement gave no insi ght regarding 
the pos sible influence of loading rate on infiltrat ion rates . Tile 
difference in infiltrat ion rates between the north and south basins 
might be exp l ained in the phys ical operat ion of the two pi lot Wlits . 
App l ying a larger quantity of wastewater to the south basin resulted 
in a l onger actual contact t ime b etween the infi ltrating wastewater 
and the soi l . As noted in the literature (3 , 5 , 1 1 ) ,  infil�ration rates 
are expected to decrease with longer cont act times for any one 
inundat ion period . A greater application depth resulted in longer 
empt ying periods for the south basin . The longer emptying periods 
for the south b as in resulted in lower in filtration rates at the end 
o f  t he emptying periods and hence lower average infiltration rates . 
I n f l uen ce o f  Rainfall on Infiltrat ion Rate 
The discus s i on thus far has . not exp l ained the weekly variation in 
i n filtrat ion rates for the north , middle , and south basins . A natural 
oc currence pos s ib l y  respons ible for this variation is rainfal l during 
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the operating season of the pilot units .  P lotted alo�g with infi l ­
t rat ion rat es in Figure 8 are rainfal l data for Brookings . South 
Dakota (2 1 ) . Bar graphs depicting total rainfal l duri�g the entire 
week prior to flooding and total rainfal l during the two days prior to 
flooding are shown . Figure 8 s eems to indicate that infi ltration rates 
are l ower fo l lowing periods of appreciable rainfal l .  Infi ltration 
rates cont inued to increase during July when l it t le rainfal l was 
recorded and evaporation was high (Appendix C ) . Several rains ·during 
the week prior to the flooding of August 6 were fol lowed by reduced 
infi l tration rates for that flooding . A l arge rain on the 19th of 
August was fol lowed by a significant drop in infi ltration rate in al l 
three basins for the flooding of August 20 . As the flooding season 
cont inued , rainfal l frequency increased ·and dai ly evaporation rates 
decreased . However , the week prior to the flooding of October 7 was 
character i z ed by no rainfal l and an unusual ly high evaporat ion rate . 
A definite increase in infi ltrat ion rat es can b e  noted for the flooding 
of October 7. 
I t  s eems reasonab l e  at this point to hypothesi ze that the moisture 
cont ent of the soi l in the pilot tmits immediately prior to each 
fl ooding cycle  had a direct influence on infi ltrat ion rates during 
that flood ing period . Substant iation of the above hypothesis may be in 
the chemical and phys ical characteristics of the soi l  in the pilot 
units . 
11le soi l in the area of the pi lot un i t s  had been c lassified as 
Lamoure s i l t y  c l ay loam (17) . Sieve analyses of Lamoure soi l have 
yie lded about 5 5  percent silt (0 . 05- 0 . 002 mm) and 25 percent clay (less 
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than 0 . 002 mm) ; the remaining 20 percent of the soi l was predominately 
fine and very fine sand. Permeability rates were reported from 10·6 
to io- 1 0  cm/sec, with the lower rates being in the top horizons . Tite 
clay portion of the upper soil horizons is a mixture poss ib ly .contain­
ing montmorillonites and illites .  Clay mineral s of this type with an 
expanding lattice osmotically imbibe water resulting in swel l ing - of 
the soil structure and reduced permeability. Absorption of water and 
consequent swelling of clay minerals is dependent on the time of 
contact between the water and clay (22) . Most . soi l s  containing clay 
swell to their maximum very rapidly following the addit ion of moisture , 
but some clays continue to swell for periods as long as one month (22) . 
Miebenz and King (22) stat ed that the magnitude of swel ling of 
clays varies widely depending upon the kind and amotmt of c l ay minerals 
present, their exchangeable ions, electrolyte content of the aqueous 
phase, particle-size distribution, void size and distribution , the 
internal structure, water content, and several other factors . ni.e 
presence of excess moisture causes clays high in sodium to swel l more 
t han clays high in calcium or magnesium. However, if the avai l ab le 
moisture is less than saturation, swelling of c lays high in calcium or 
magnesium is more pronounced than swelling in sodiUJll c l ays (22 ) . 
The soil in the Brookings pilot units may contain c l ay mineral 
structures that require a long period of time to reach their maximum 
state of expansion or swelling after the introduction of water . A 
large rainfall one or two days prior to flooding would cause the clay 
part i c l es t o  be in a somewhat expanded state at the beginning of the 
flooding cycle and lower infiltration rates for that flooding could 
result .  An inundat ion fo l lowing a hot , dry week could resul t  in 
higher infi ltrat ion rates because the clay parti c l es would not have 
had a chance to swe l l  and lower the permeab i l i ty of the · soi l mas s  
b efore infi ltrat ion began . 
30 
To substantiat e  the hypothes is that the antecedent moi sture 
content of the soi l was a factor influencing average infi ltrat ion rates , 
Figure 11 was p lotted showing infi ltrat ion rates for the south bas in 
for four floodings in July and August 11 These four floodings were 
sel ect ed because the time needed to fi l l  the south bas in was the same 
for each of these four floodings (Appendix B) . Also , different rain­
fal l quantities preceded these floodings . It can be seen from Figure 1 1 
that the infi ltration rate at the beginning of the percolation cyc le is 
lower for the flooding of August 20 after a signi fi cant rainfal l had 
occurred on the 1 9th of August . Weeks when evaporat ion was high and 
rainfal l was minimal resul ted in higher infi l trat ion rates probab ly 
because the clay part icles had not been exposed to moisture to cause 
swe l l ing and reduced permeab i l ity . F igures 8 and 1 1  s erve to i l lus ­
trate wel l that the variat ion in infi ltrat ion rates from one week to 
the next was apparent ly a function of the antecedent moisture content 
or expans ive stat e  of the soi l in the pilot units at the time 
flooding began . 
Week of Cont inuous Inundation 
From October 1 4  to October 2 1 , stabilization pond effluent was 
app l ied to the pi lot infi ltrat ion-perco lation bas ins on a dai ly b asis . 
As di scus sed previous ly,  the primary obj ect ive o f  thi s  special 
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one-week study was to saturate the soi l  profile in an attempt to 
l ower infi ltrat ion rates � thereby improving treatment efficiencies . 
Data compi led during this week are pres ent ed in Appendix D .  
Averages of the infi l trat ion rates cal culated after the first day of 
flooding were 0 . 6 1 in/h� � 0 . 57 in/h� , and 0 . 50 in/hr for the north , 
middle , and south bas ins , respect ively.  When compared to the average 
infi ltrat ion rates determined for the ent ire operating s eason , infi l­
trat ion rates during the week of cont inuous inundat ion were about 25 
percent l ower for the north and south bas ins and 5 3  percent lower for 
the middle basin . 
Figure 12 i s  a p lot of average infiltrat ion rates during the 
percolation cyc l e  of each flooding . Infi ltration rates were cons ider­
ab ly lower after the first day of flooding . Tilis reduction i s  
expected (2 , 5 , 1 1 ) and could result from surface c logging , removal of 
entrapped air , or several other factors (2) as we l l  as soi l  swel ling 
due to wett ing . 
It  i s  interest ing to note from Figure 1 2  that after the first 
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day o f  fl ooding , average infi ltrat ion rates for the midd l e  bas in very 
nearly equal led the rates calculated for the north and south basins . 
The capacity for increased infi ltration rates due to vegetat ion i s  
apparent l y  lost when inundation i s  continued for a period longer than 
one day . I t  is pos s ible  that average infil trat ion rates for the mi ddle 
basin were higher than for the north and south bas ins during the 
regular operat i_ng season because h_igh evapotranspirat ion rates 
associated with brome-alfal fa wou ld result in a lower antecedent 
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moi sture content of the s o i l prior to fl ooding . As discussed earl ier , 
this l ower moi s ture content prior to flooding woul d be accompanied by 
higher infi l trat i on rates . 
F i gure 1 2  shows an increase in infi ltrat ion rates for all three 
b as ins near the end of the week . During thi s  week the average depth of 
standing water in the bas ins increased toward the end of the week . 
Th i s  increase in head o f  wat er above the so i l  surface could possibly 
exp l ain the increase in infi l trat ion rates ( 2 0 ) . 
On the fourth day of fl ooding , measurement s of depth to the 
groundwater t ab l e were made in the 1 2  p ie zomet ers l ocated at the 
corners of the p i lot b a s ins (Figure 7) . An average of readings for the 
1 2  p i e z omet ers indicated that the p ie zometr i c  groundwater tab l e  had 
risen t o  with in n ine inches o f  the bas in surfaces . I f  the infi ltra­
t ion rate of the surface so i l  equal led or exceeded the hydraul ic 
conduct ivity of the under lyin g so i l , the groundwat er tab l e  would have 
r i s en t o  the basin surface . Thi s  would be undes i rable since it could 
result in anaerob i c  condit i ons deve l op ing in the soil profi le and 
consequent poor t reatment of the app l ied wast ewat er . A minimum depth 
to the groundwat er t ab l e  of at l e ast 1 0 - 1 5  feet i s  recommended (3) . 
Nine inches i s  much l e s s  than the· recommended minimum ,  and would 
ind icat e that unl es s  art i ficial drainage was used to control the rise 
of the groundwat er t ab l e  in this area , fl ooding periods longer than 
two or three days could result in poor treatment of the · applied 
wastewater . 
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Groundwat er Hydraul i c s  
The l it erature points out that it i s  neces s ary to maintain a depth 
t o  groundwater o f  at least 10- 1 5  feet for prop er renovation of the 
app l i ed wastewater ( 3 ) . Period i c  flooding of an area of land results 
in a molllld ing o f  the groundwater in the area , and precautions must be 
t aken to prevent the mound from ris ing too near the basin surface . It 
may be nece s s ary to provide art ific i a l  drainage in ordeT to maintain 
an adequate grot.mdwater l eve l . 
A port i on o f  th i s  invest igat ion was a s tudy of the groundwater 
re spon s e  to periodic flooding of the p i lo t  infi l tr ation basin s . 
P i e z ometer read ings were taken prior to each f l ood�ng period and at 
24 and 4 8  hours aft er the conc lus ion of each fl ooding period . The 
d i stance from the top of the piezomet er to the water surface in the 
p i e zometer was measured us ing a battery- operated conductivity meter 
w i th a sensor mount ed on a graduate dip- s t i ck .  The piezometric grotDld­
wat er l eve l was then calcu l ated from the known e l evat ion of the top 
o f  the pie zometer . These resul t s  are presented in Appendix E .  
Av erages of the groundwater e l evat ions presented in Appendix E 
are shown in F i gure 1 3 .  Al l .38 piezometer readings were used to ca l·­
c ulate the average groundwater e l evat ions pri or to each flooding . 
On l y  the 1 8  p i e z omet ers ins ide the bas ins were used to ·calculate the 
average height of the groundwat er mound 24 and 48 hours after flooding 
had c eased . A high degree of variabi l ity exi sted in the. data used 
t o  c omput e the averag es p l otted in Fi gure 1 3 .  
F i gure 1 3  c l ear l y  indi cates that the pie zometric growuiwater 
tab l e  d i d  r i s e fo l l owing inundat i on of the basins . Figure 14 shows 
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F i gure 1 3 .  Respons e o f  groundwater l eve l b eneath pi lot tmit basins 
to week l y  f l ooding . 
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F i gure 1 4 . Rise in average piezometric groundwater level 24 
hours aft er flooding with reference to average 
p i e zometric groundwater l evel immediately prior 
to fl ooding . 
the rise in groundwater l evel beneath the bas ins in response to each 
flooding . The groundwater had risen an average of 1 7  inches 24 hours 
after flooding had ceased . The · average depth from the basin surfaces 
to the groundwater table was then about 30 inches . As di scussed in 
the section on construction of the pi lot units , the unde_rground drain 
tiles had been l ocated at a depth of about 30 inches . 
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· In Figure 13 , the plot corresponding to 24 hours does not neces­
sarily mean that the maximum height to which the groundwater rose 
occurred 24 hours after flooding . 'Ibe groundwater tab le had most likely 
begun receding because flow from the drains was obs erved to be greater 
prior to this t ime . The plot corresponding to 48 hours shows that the 
groundwater tab le had lowered near ly 50 percent in a 24- hour period . 
This recovery i s  s igni ficant in that fl ooding could pos sibly be 
attempted more frequent ly than once a week without destroying the 
depth to the water table necessary for proper treatment of the 
wastewater . 
The plot in Fi gure 1 3  corresponding to readings taken prior to 
each flooding shows that the average groundwater leve l in the area of 
the p i lot units dropped as the flooding s eason progressed .  This trend 
appeared typical for most of eastern South Dakota due to a minimal 
amoW'lt of rainfal l during the summer months . The downward trend in the 
groundwater tab l e  seems to indicate that flooding of the pilot units 
p robab ly had l itt l e  effect on the long-term natural grotmdwater l evel 
in the immediate area. The aquifer under lying the pi lot W'lits is  
apparent l y  of suffi c i ent hydraul i c conduct ivity t o  transmit the 
renovat ed was t ewater . away from the pi lot unit s it e  a l lowi�g the · 
groundwater · mound to comp lete ly rec ede before ·another inlUldation 
period beg ins . 
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SUMMARY AND CONCLUS IONS 
TI1ree p i l ot infi l trat ion-perco l at i on bas ins were constructed near 
the Brookings stab i l i z at i on pond . The rn.idd.le bas in contained brome­
alfalfa and the north and s outh bas ins were ro�ot i l led to a depth of 
approximate l y  eight inches . The soil in the area of the pilot tmits had 
been classified as s i lt y  c l ay loam ,  and the natural gro1Dldwater table 
in the area was at a depth o f  about four feet . 
Operat ion of the pilot units from June 1 1 ,  1 975 to November 1 8 . -
1 975 involved weekly inundat ion of the p i lot uni t s  wi th stabili zation 
pond e ffluent . The south and middle bas ins were flooded week ly with . 
2 4  inches of wastewater , and the north basin received 1 8  inches of 
wast ewater per week. Infiltration rates were measured each week , and 
the response o f  the natural groundwater t ab l e  in the pi lot tmit area 
was monitored . A daily flooding schedul e · was tri ed for a one-week 
period in October in which as much wastewater was appl ied to the 
infiltration basins as possible . 
Average infiltration rates for the ent ire operating season �ere 
0 . 79 in/hr for the north basin, 1 . 22 in/hr for the middle bas in and 
0 . 69 in/hr for the south basin. Week ly variat ion in infi ltration 
rates for all three basins was attributed to the variab le antecedent 
moisture content of the soil immediately prior to each flooding .  11le 
h i gher infi ltration rate measured for the middle basin was attributed 
to a lower antecedent moisture content of the soi l prior to flooding 
due to high evapotranspiration rates asso ciat ed with brome-alfalfa . 
A greater application dep th of wastewater on the south basin compared 
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t o  the north b as in was accompanied by lower infi l tration rates for 
the s outh b a s in when measured on an inch per hour bas i s . 11lis lower 
rat e  in the south b as in was probab ly due t o  increased soi l swel li�g as 
a result of a l onger per
.
i od o f  contact between the infi ltrating waste­
wat er and the soi l . 
During the week o f  cont inuo�s inundat ion , infiltration rates for 
the north and s outh bas ins were 25  percent lower · th an  the average 
infi l trat ion rat e s  for the rest o f  the op erat ing season . The infi ltra­
t i on rat e in the midd l e  bas in had been reduced by 53 percent compared 
to the ent ire operat ing s eason . During the week of continuous immda­
t ion the groundwater tab l e  had ri sen to within n ine inches of the 
b as in surface , l e aving a very minima l unsaturated zone . 
Suspended s o l ids of the stab i l iz ation pond effluent appl ied t o  
the p i l ot wi i t s  d i d  not seem to influence the infi ltration rate of the 
s o i l  during thi s  inve st igation , even though the average suspended solids 
of the stab i l i z at ion pond effluent was somewhat higher than the 
recommended maximum concentration .  I t  appears that with the weekly 
fl ooding s chedu l e , contact t ime between the infi ltrating wastewater 
and the s o i l  was not long enough for soi l c l ogging to occur . 
The study of groundwater respons e to weekly floodiµg of the 
infi l trat ion b as ins reveal ed a very defini t e  mounding effect as 
expected . Th e  groundwater beneath the bas ins began ris ing soon after 
fl ooding began .  Wi thin 48 hours after flooding had ceased , the motmd 
of groundwater h ad receded near ly SO percent ,, indicating exce l lent 
recovery of the aerated zone above the groundwater table . 
• 
The soil t ype found at the pi lot uni t  site appears to have 
suffi cient infi ltrative capacity to make a ful l - scale infi ltration­
perco l at ion system feas ib l e  for the city of Brookijlgs., · South Dakota .  
Proper des ign of a system would , of cours e ,  take into accotlllt the 
treatment efficiency studies current ly being carried out . · 
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For the city of Brookings a des ign infil trat i on rate · o f  0 .• 50 in/hr 
would s eem to b e  a reasonab l e  rate to s e l ect . This infiltration rate 
of 0 . 50 in/hr .was the lowest average rate measured in any flooding 
period during the p i l ot inves tigation . A des ign based on thi s  low 
rat e  would have a considerable factor of safety i f  weekly applications 
were used . as in the pi lot s tudy . 
An infi ltrat ion rate of 0 . 50 in/hr corresponds to 7 feet/week . 
However , if  drying periods are to be incorporated into the operational 
program ,  weekly app l i cations woul d  have to be maintained below 7 feet . 
The l it erature c l earl y  po ints out .that intermittent flooding and 
drying cyc les are neces sary in the operat ion of infi ltration-percolation 
wastewater treatment systems . 
The app l i cat ion rate of two feet per week as used in ·this pi lot 
study was considerab ly l es s  than the suggested maximum design rate of 
s even feet per week . I t  seems reasonab l e  that app lication depths as 
h igh · as four feet per week could safe ly be accepted by the soil at the 
p i l ot unit  s ite . I f  four feet of stab i l i zation pond effluent were 
app l i ed in one day, and the average infi ltrat ion rate of the soi l was 
0 . 5 0 in/hr , the b as in would be empty within 96 hours (4 . daysf aft_er 
flooding b egan .  A week ly cyc le .would then al low three days for the 
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b as in t o  recover and for the groundwater mound to recede before another 
inundat ion period b egan .  For areas where the groundwater tab le is h�gh 
s imi l ar t o  the conditions at the p i lot unit s it e , art ificial drainage 
would b e  neces s ary to prevent the groundwater from risi�g too near the 
bas in surface . 
Further s tudi e s  s imi l ar .to the one des cribed in this report should 
b e  conduct ed at the Brook i�gs pi lot uni t  s ite to determine the optiDIUDl 
� 
flooding rat e s  and app l i cat ion cyc l e .  111e effect s  o f  a more frequent _ 
f looding s chedu l e  or a higher app l i cation rate on the grolDldwater 
response s houl d  b e  s tudied to determine i f  higher application rates 
c an b e  maintained . A l so , a s tudy of the exchangeab le ions in the 
� 
s t ab i l i zat ion pond effluent could be us eful in predicting the possib le 
l ong-term pot ent ial o f  the so i l  · to accept a high application rate . 
Con s iderab l e  variab i l ity in the pie zometer data col lected in this pilot 
s tudy wou l d  s eem to indicat e  that improvements should be made in the 
t echn ique used in determining groundwater e l evat ions . Observation 
p ipes with perforated s i dewal l s  would indicate free-water surfaces 
rather than p i e z ometric groundwater leve l as measured in this study. 
Free-water s urface measurements may el iminate some of the fluctuations 
in p i e z omet ric l eve l s  that were pos s ib ly due to intermixed lenses of 
s oi l s  o f  di fferent permeab i l ities .  
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AP PEND I X  A .  Description of Soil at Pilot Uni t  S ite 
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From : Soil Survey of Brookings County, South Dakota, Series 1955 , 
No . 3 , Issued January , 1959 , U . S .  Department of Agr.iculture , 
Soil Conservation Servi ce , in cooperation with the South 
Dakota Agricultural Experiment Stat ion (p . 26) . 
Lamoure series 
The Lamoure soil in Brookings County is a somewhat poorly drained 
Chernozem-Humic Gley intergrade that has deve loped \Ulder tal l grasses in 
4 2 inches or more of medium- textured alluvium , wh i ch is Wlderl ain by 
mixed sand and gravel . It occurs on level and nearly level broad bottom 
l ands and in shallow, narrow, dendritic drains that extend far back into 
the uplands . 
The Lamoure soils have an A 1 horizon o� black , friable , strongly 
calcareous silt l oam or silty clay loam . . The A1 horizon grades into a 
B2 g horizon of black to very dark gray , moderately to strongly calcar­
eous silty clay l oam that is of weak to moderate prismatic and blocky 
structure � The B2g hori zon overlies a very dark gray to gray , weakly 
calcareous Cg hor i zon that grades into · a Dg hori zon . of mixed sand and 
gravel . Lamoure silty clay loam, nearly level , i s  the only Lamoure 
soil mapped in Brookings County . 
This Lamoure soil is in fairly close association with the Solomon , 
Volga , and Rauville soils . 
Many areas of Lamoure silty clay loam ,  nearly level , are used for 
corn and small grains , but many areas are in grass and used for pasture 
or hay . The fol lowing i s  a profi le description of Lamoure silty clay 
loam :  
c 
0 to 1 inch, very dark gray ( lOYR 3/ 1 , dry) ·to black 
( lY 2 / 0 . 5 ,  moist) , friab le ,  strongly calcareous silty 
c lay loam on the s i l t  loam boundary ; weak fine granular 
structure . 
1 to 7 inches , very dark gray ( lOYR 3/1, dry) to black 
( lY 2 / 0 . 5 ,  moist) , strongly calcareous silt loam; lime 
segregations are common ; strong fine granular structure . 
7 to 1 6  inches ,  dark- gray (2 . SY 4/ 1 ,  dry) to black 
( lY 2 / 0 . 5 ,  moist) , weakly cal careous silt loam with a 
few s egregations of l ime ; weak coarse prismatic 
structure that breaks to strong medium b locky. 
1 6  to 33 inches , dark gray (4 . 5/ 0 , dry) to very dark 
gray ( 3 . 5 / 0 , mo ist ) , moderate ly cal careous si 1ty clay · 
loam;  moderate medium b locky structure. 
3 3  to 4 8  inches ,  dark gray ( S Y  4 . 5/ 1 ,  dry) to very 
dark gray ( 2 . SY 3 / 1 , mois t ) , weak ly calcareous si l�y 
c l ay loam; mass ive structure . 
48 to 6 0  inches ,  gray (SY 6 / 1 , dry) t� gray (SY 5/1 , 
moist ) , noncalcareous s i lt loam that is more sandy 
with increased depth ; massive structure . 
Location of profil e :  Sec . 2 1 ,  T .  1 1 0  N . , R .  49 W. ; 0 . 35 mi le E .  
of SW� corner, 7 5  feet N .  o f  fence and 5 0  feet W .  o f  creek break . 
Lamoure si lty c l ay l oam, nearly level (O to 2 percent slopes) 
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(La ; subgroup 8B) . Thi s  soi l  is  in soil  area 10 . It occurs on 
somewhat higher and l es s  concave al luvial positions than the 8:$SOciated 
poorly drained finer textured Solomon clay ,  nearly level , and is some­
what more suitab l e  for cultivation . The as sociated Volga soils differ 
from this soi l primarily  in being less . than 42 inches deep to the 
nonconforming substratum. The as sociated Rauvil l e  soils differ in 
being poorly drained Humic G l eys . 
APPENDIX B 
Week ly -Flooding Data 
PARAMETERS 
Total Gal lons App l ied Week ly to Pilot Units 
Time for Bas in to Fi l l ,  hours 
Rate of F i l l ,  inches/hour 
Maximum Depth Attained , feet 
Time for Bas in to Empty, hours 
Infi ltrat ion Rate During Perco lat ion. inches/hour 
48 
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Tot al Gal l ons App l i ed Weekl y  to Pi lot Units 
Dat e  o f  Bas in 
F l ooding 
( 1 9 75 )  North Midd l e  South 
6 / 1 1  79 , 730 1 1 8 ,  700 96 , 890 
6 / 1 8  79 , 75 0  1 2 0 , -0 10 96 , 9 00 
6 / 2 5  79 , 7 50  1 1 8 ,  700 96 , 905 
7 / 2  80 , 5 50 · 1 1 8 ,  750 96 , 92 0  
7/9 79 , 775  1 1 8 ,  7 35 96 , 900 -
7 / 1 6  79 , 750 1 1 8 , 6 70 96 , 9 1 0  
7/ 2 3  79 , 760 1 1 8 , 6 30 96 , 920 
7/30 79 , 740 1 1 9 ,  770 96 , 9 30 
8/6 79 , 7 30 1 1 8 ,  700 96 , 980 
8/ 1 3  79 , 745 1 1 8., 700 97 , 6=30 
8/20  79 , 740 1 1 8 ,  7 30 99 , 905 
8/ 2 7  80 , 050 1 1 8 ,  7 20 96 , 9 1 0  
9 / 3  79 , 750 1 18 ,  700 96 , 900 
9/9 79 , 740 1 1 8 ,  700 95 , 700 
9 / 16  75 , 760 1 1 7 ,  760 . 96 , 840 
9 / 2 3  6 7 , 860 1 1 8 '  770 9 7 , 140 
9 / 30 79 , 760 1 1 9 ,  700 1 2$ , 540 
1 0 / 7  79 , 9 00 1 1 8 , 820 9 7 , 480 
1 0/ 2 8  79 , 780 1 1 8 ,  730 1 04 , 330 
1 1 /4 79 , 790  1 2 1 , 360 98 , 480 
1 1 / 1 1  79 ·, 750  1 1 8 , 800 96 , 9 70 
1 1 / 1 8  79 , 800 
1 19 , 700 96 , 960 . 
so . 
Time for Basin to Fi l l , hours 
D at e  of Bas in 
F looding 
( 1 9 7 5 )  North Midd l e  South 
6/ 1 1  3 . 4 3 5 . 00 3 . 95 
6/ 1 8  3 . 4 1 4 . 9 0 3 . 9 3 
6/ 2 5  3 . 4 1 4 . 88 - 3 . 9 1 
7/2 3 . 50 5 . 00 4 . 2 5 
7/9 3 . 75 5 . 36 4 . 25 
7/ 1 6  3 . 75 5 . 3 3 4 . 4 5 
7/ 2 3  3 . 59 5 . 6 7 4 . 52 
7/ 30 3 . 8 7 5 . 40 4 . 55 
8/6 3 . 8 7 5 . 70 4 . 69 
8/ 1 3  3 . 9 0 5 . 5 5 4 . 68 
8/20 3 . 85 5 . 4 5 4 . 5 3 
8/2 7  3 . 80 5 . 65 4 . 65 
9 / 3  3 . 5 7 5 . 4 7 4 . 52 
9/9 4 . 00 5 . 60 4 . 5 8 
9 / 1 6  7 . 2 2 4 . 7 3 5 . 30 
9/ 2 3  2 . 60 4 . 55 3 . 75 
9 / 30 3 . 08 4 . 2 7  4 . 83 
1 0/ 7  3 . 08 4 . 42 3 . 67 
1 0/ 2 8  2 . 75 4 . 02 · -3 . 42 
1 1 /4 2 . 6 7 3 . 9 7 3 . 20 
1 1 / 1 1  2 . 88 3 . 92 3 . 20 . 
1 1 / 1 8  2 . 83 3 . 92 3 . 2 3 
5 1  
Rate of  F il l ,  inches/hour 
Date o f  Bas in 
F l ooding 
( 1 9 7 5 )  North Middle . South 
6 / 1 1  5 . 24 4 . 80 6 . 07 
6/ 1 8  5 . 2 7 4 . 8 9  6 . 10 
6/ 2 5  5 . 2 7 4 . 9 1 6 . 1 3 
7/2 5 . 1 4  4 . 80 � . 64 
7/9 4 . 8 0 4 . 4 7 5 . 64 
7/ 1 6  4 . 80 4 . 5 0 5 . 39 
7/ 2 3  5 . 0 1  4 . 2 3 5 . 31 
7 / 30 4 . 65 4 . 44 5 . 2 7 
8/6 4 . 65 4 . "2 1 5 . 1 2 
8/ 1 3  4 . 62 4 . 32 5 . 1 3  
8 / 2 0  4 . 68 4 . 40 5 . 30 
8/2 7 4 . 74 4 . 25 5 . 1 6 
9 / 3  5 . 04 4 . 39 5 . 31 
9 / 9  4 . 50 4 . 29 5 . 24 
9 / 1 6  2 . 49 5 . 07 4 . 5 3 
9 / 2 3 6 . 1 8  5 . 2 7 6 . 40 
9 / 30 5 . 84 5 . 62 6 . 59 
1 0 / 7  5 . 84 5 . 4 3 6 . 54 
1 0/ 2 8  6 . 55 5 . 98 7 . 03 
1 1 /4  6 . 75 6 . 05 7 . 50 
1 1 / 1 1  6 . 24 6 . 1 3  7 . 50 
1 1 / 1 8  6 .  35 6 . 1 3  
7 . 42 
52 
Maximum Depth Attained , feet 
Date of Basin 
F l ooding 
( 1 9 75)  North Middl e  South 
6 / 1 1  0 . 94 0 . 86 1 . 00 
6 / 1 8  1 .  0 1  1 . 0 3 1 . .16 
6/25  1 . 00 0 . 99 1 . 1 3 . 
7/2 0 . 9 7 0 . 86 1 . 05 
7/9 0 . 9 7 0 . 8 2  1 . 0 3 
7 / 1 6  0 . 99 0 . 84 1 . 0 3 
7 / 2 3  0 . 9 7  0 . 8 2 1 . 01 . 
7/30 0 . 9 3  0 . 8 1  0 . 92 
8/6 0 . 9 5 0 . 8 3 0 .• 96 
8/ 1 3  0 . 9 1 0 . 8 2 0 . 84 
8 / 2 0  0 . 99 1 .  0 1  1 . 1 0 
8/2 7 0 . 92 1 . 00 
9 / 3  0 . 9 1  o .  9.0 0 . 90 
9/9 0 . 9 0 0 . 9 1 0 . 94 
9 / 1 6  0 . 82 0 . 87 I . OS 
9 / 2 3  0 . 76 1 . 09 1 . 28 
9 / 30 1 .  02 
1 0 / 7  0 . 99 1 . 1 3 
1 0 / 2 8  0 . 85 1 . 05 
1 1 / 4  0 . 85 1 . 05 1 . 1 2 
1 1/ 1 1  0 . 84 1 . 00 1 . 1 1 
1 1 / 1 8  0 . 8 7 1 . 0 1 1 . 1 7 
53 
Time for Bas in to Empty ,  hours 
Dat e  o f  Bas in 
F l ooding 
( 1 9 7 5 )  North Midd l e  South 
6/ 1 1  1 4 . S  8 . 1 1 7 . 5  
6/ 1 8  2 1 . 4  1 1 . 5  2 5 . 0  
6 / 2 5  2 1 . 0  1 0 . 7 24 . 8  
7/ 2 1 4 . 1  8 . 4  1 9 . S  
7/9 1 3 . 3 7 . 5  1 7 . 3 
7/ 16 1 2 . 3  7 . 6  1 6 . 0  
7/ 2 3  1 1 .  8 7 . 3 1 5 . 6  
7/ 30 1 0 . 1  7 . 1  1 1 . 8  
8/6 1 1 .  7 7 . 4  1 3 . 9  
8/ 1 3  1 1 .  0 7 . 9  12 . 7  
8/20  1 6 . 4  1 1 . l 2 1 . 3  
8/2 7 9 . 5  16 . 0" 
9 / 3  1 1 . 4 1 3 . 3 
9/9 1 1 . 8 8 . 8  1 5 . 8  
9/ 1 6  1 2 . 8  2 2 . 3  
9/ 2 3  1 5 . 3  1 1 . 8  2 5 . 8  
9/ 30 1 9 . 0  
1 0 / 7  1 6 . 4  1 0 . 4  
10/28  1 8 . 2  
1 1 /4  1 5 . 9  1 1 . 2  24 . 8  
1 1 / 1 1  
1 1 / 1 8  1 6 . 3 
1 1 . 0  24 . 7  
54 
Infi l t rat i on Rate During Perco lat ion , inches/hour 
Dat e  o f  Basin 
F looding 
. ( 19 75 ) North Midd l e  South 
6/ 1 1  0 . 78 1 . 2 7 0 . 69 
6/ 1 8  0 . 5 7 1 . 07 0 . 56 
6 / 2 5  0 . 5 7 1 . 1 1 0 . 55 
7/ 2 0 . 8 3 1 . 2 2 0 . 64 
7/9 0 . 8 8 1 .  3 1  0 . 72 
7/ 1 6  0 . 9 7 1 . 33 0 . 77 
7/ 2 3  0 . 99 1 .  36 0 . 78 · · ; 
7/ 30 1 . 1 0 1 .  36 0 . 94 
8/6 0 . 9 7 1 .  34 0 . 83 
8/ 1 3  0 . 99 1 . 2 5 0 . 80 
8 / 2 0  o .  72  1 . 09 0 . 62 
8/ 2 7  1 . 1 6 0 . 75 
9 / 3 0 . 96 0 . 8 1 
9 / 9  0 . 9 1 1 . 2 3 o .  71 
9 / 1 6  o .  7 7  0 . 57 
9/ 2 3  0 . 60 1 . 1 1 0 . 60 
9 / 30 0 . 64 
1 0/ 7  o .  72 1 .  30 
1 0/ 2 8  0 . 5 6 
1 1 / 4  0 . 64 1 . 1 2 0 . 54 
1 1 / 1 1  
1 1 / 1 8 0 . 64 1 . 1 0 0 . 57 
SS 
Appendix C .  Rainfal l and Evaporation for Brooki_ngs (21) 
D a t e  o f  Tot a l  Rainfa l  1 ( i nches) Total Eva�rat ion (inches} 
F l ood ing Ent i r e  Week Two Days Entire Week 
( 1 9 75 )  Prior to F l ooding Prior to F lood ing Prior to Flooding 
6/ 1 1  1 .  s o  1 .  31 
6 / 1 8  1 .  56  0 . 48 
6/25  0 . 78 0 . 00 
7 / 2  0 . 0 7  0 . 00 2 . 34 
7 /9 0 . 1 3  0 . 00 2 . 29 
7/ 16  0 . 0 7  0 . 07 2 . 05 
7/2 3  0 . 1 0  0 . 02 2 . 78 
7/ 30 0 . 47 0 . 00 2 .  77 
8/6 2 . 1 7  0 . 00 
8/ 1 3  0 . 33 0 . 33 2 . 43 
8/20 1 .  01  1 .  00 1 . 44 
8/27  0 . 5 1  0 . 00 
9/3  0 . 58  0 . 00 1 . 37 
9/9 0 . 38 0 . 00 I .  35 
9/ 16  2 . 1 5  0 . 00 
9/23  0 . 8 3 0 . 00 O . il 
9 / 30 0 . 65 0 . 64 0. 75 
1 0/ 7  0 . 00 0 . 00 1 . 41 
1 0/ 1 4  0 . 03 0 . 00 1 . 38 
1 0/ 2 1  0 . 1 5  0 . 00 0 . 92 
10/28  o .. 30  0 . 00 
1 1/4 o . oo 0 . 00 
1 1 / 1 1  o . oo 0 . 00 
1 1 / 1 8  0 . 05 0 . 00 
Appendix D .  F looding Data During Week of Cont inuous Inundation 
Time for Time Fron Shutoff Depth Lost From Infi l t rat i on l n fi l t rat i on 
D a t e  o f  Depth Depth Basin to t o  Start of Shutoff to St art Rat e During Rat e During 
F l ooding G a l  I o n s  App l i e d  I ncrease F i l l  Next F l ood i n g  of Next F l ooding F l ooding Perco l at i on 
( 1 9 7 S )  App l i e d  ( feet )  ( fee t ) (hours )  (hours )  ( feet ) ( inches/hour) ( inches/hour) 
Oct . 1 4  
North 60 , 8 36 1 .  1 4  0 .  7 1  2 . 4 2 1 4 . 4 0 1 . 1 4 2 . l S 0 . 9 S 
M i tld l e  1 1 3 , 6 1 9 1 .  9 1  0 . 99 4 . 3 3 9 . 20 0 . 99 2 . S 8 1 . 2 8 
South 1 2 9 , 864 2 . 68 1 .  S 8  5 . 0 2 1 8 . 9 8  1 .  3 3  2 . 64 0 . 84 
Oc t .  l S  
North 79 , 8 2 0  1 .  so 1 .  1 1  :. .  2 7  2 0 . 8 2  0 . 87 1 . 4 6  o . so �Ii dd l e  1 06 , 7 1 0  1 .  80 1 .  2 7  4 . 1 7 1 7 . SO 0 . 99 l . S 3  0 . 68 
South 7S , S 30 1 .  S6 1 . 1 4 3 . 00 2 2 . 6S 0 . 9S 1 . 6 8  O . S l  
Oc t .  1 6  
North 9 3 , 4 00 1 .  76 1 .  3 S  3 .  s o  1 9 . 8 3 1 .  0 1  1 .  39 0 . 6 1  
M i dd l e  77 , 1 80 1 .  30 0 . 96 2 . 83 20 . 6 7 0 . 9 8 1 . 44 O . S 7  
South 70 , 700 1.  46 1 .  1 1  2 . 62 2 2 . 1 8 0 . 8 8 1 . 60 0 . 4 8 
Oct . 1 7  
North 76 , 94 0  1 .  4 S  1 .  0 2  2 . SS 1 9 . 82 0 . 96 2 . 0 1 O . S 8 
M i dd l e  7 3 , S 2 0  1 .  24 1 . 04 2 . S 8 2 0 . 32 0 . 96 0 . 9 3  O . S 7 
South 6S , 04 0  1 .  34 1 .  0 1  2 .  3S 2 1 . 4 2  0 . 94 1 .  70 0 . 5 2 
Oct . 1 8  
North 79 , 900 1 .  so 1 .  04 2 . 80 2 2 . 7S 1 . 1 2 2 . 00 0 . 59 
M i d d l e  6S , 9 70 1. 1 1  0 . 84 2 .  I S  20 . 76 0 . 9 0 1 .  S6 O . S2 South 4 6 , 1 90 0 . 9S 0 . 64 1 .  SS 2 2 . 9 2  0 . 80 2 . 4 2  0 . 4 2 
Oc t .  1 9  
No rth 79 ' 77S 1 .  so 0 . 9 8 2 . 78 2 1 . 1 8 1 . 1 1 2 . 26 0 . 6 3 
M i dd l e  8 3 , 1 90 1 .  40 l .  04 2. 75 2 2 . 08 1 . 1 6 1 .  S 8  0 . 6 3 
South 5 7 , 970 1. 20 0 . 8 3 2 . 02 n .  78 0 . 90 2 . 1 7 0 . 4 7  
Oct . 20 
North 89 , 2 4 0  1 . 68 1 . 1 2 2 . 9 8 2 1 . 1 3  1 .  2 S  2 . 26 0 .  7 1  
Midd l e 60 , 070 1. 0 1 0 .  84 1 . 90 2 1 . 92 0 . 89 1 . 1 1 0 . 4 8 
South 6 0 , 460 1 .  2S 0 .  84 2 . 05 2 1 , 1 2  0 . 9 8 2 . 38 0 . 56 
Oct . 2 1  
North 79 . 740 1 .  so 1 . 04 2 . 68 2 S . OS 1 .  3 1  2 . 06 0 . 6 3 
M i dd l e  6 7 , 070 1 .  1 3  0 .  9 3  2 . 2 2 1 7 . 00 0 . 80 1 . 08 O . S6 
South 79 , 700 l . 6S 1 . 08 2 . 70 30 . 00 1 . 4 0 2 . 5 3 0 . S6 
(/1 °' 
APPEND IX E 
Groundwat er Elevat ions at Pilot Unit Site 
EXPLANATION OF TABLE HEAD INGS 
Piezometer No . - refers to piezometer number shown in 
Figure 7 
Prior - grolll1.dwater elevation immedia·tely prior to 
flooding of south basin 
24 Hours - groundwater elevation 24 hours after flooding 
of a l l  basins had ceased 
4 8  Hours - groundwater elevation 48 hours after flooding 
of al l b as ins had ceased 
denotes mis s ing data 
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F l ood i n g  of June 1 1 ,  1 97 5 
P i e zometer No . P r i or 2 4 Hour s 
9 6 . 04 9 7 . 38 
2 9 6 . 0 4 9 7 , 9 4  
9 6 . 04 98 . 0 7 
9 6 . 04 9 7 . 5 2 
5 9 6 . 04 9 7 .  2 2  
6 9 6 . 04 9 7 . 2 2 
7 9 6 . 04 9 7 . 2 2 
8 9 6 . 04 9 7 . 2 5  
9 9 6 . 4 3  9 8 . 6 0 
1 0 9 6 . 0 7  9 7 . 2 2 
1 1 . 9 6  .. 04 9 7 . 3 5  
1 2  9 6 . 04 9 7 . 2 5 
1 3  9 6 . 04 9 7 .  7 1  
1 4 9 6 .  04 9 8 .  1 1 
1 5  96 . 1 4  9 7 . 52 
1 6  9 6 .  0 1  96 . 5() 
1 7  9 7 .  -1 8  9 8 . 1 4 
l &  9 6 . 1 7 9 7 .  '.:9 
19 
20 
2 1  
2 2  
2 3  
2 4  
2 5  
26 
2 7  
2 8  9 6 . 07 9 7 . 06 
2 9  9 6 . 4 7 96 . 60 
30 9 6 . 1 0  9 7 . 1 2 
3 1  9 5 .  78 9 t> .  l 7 
3 2  96 . 0 7 9 6 . 69 
3 3  
34 
35 
36 
37 
38 
F l ood ing of June 
48 Hou rs P i e zometer No . Prior 
9 6 . 79 96 . 1 7 
9 7 . 2 2  9 6 . 3 7 
9 7 . 1 9  96 . 3 3  
96 . 8 3 96 . 20 
9 6 . 79 96 . 1 4 
96 . 7 3 6 96 . 1 0 
96 . 73 96 . 1 0 
96 . 79 96 . 14 
9 7 . 5 5 9 95 . 84 
96 . 7 3 1 0  96 . 14 
96 . 76 1 1  96 . 10 
96 . 7 3 1 2  96 . 10 
96 . 9 2 1 3  9 6 . 30 
96 . 96 1 4  9 6 . 2-l 
9 7 . 35 1 5  9f. . 1 4 
96 . 6 3 1 6  96 . 56 
9 7 .  1 9  1 7  96". 33 
9 7 . 2 2 1 8  9 6 . 73 
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
96 . 99 2e 96 . 63 
96 . 6 3 
29 96 . 60 
96 . 8 3 
30 96 . 14 
9 6 . 37 31 96 . 40 
96 . 56 
32 96 . 04 
.n 
34 
35 
.% 
3 7  
3 8  
1 8 ,  1 9 75 
24 Hours 
9 7 . 9 4 
9 8 . 27 
9 8 . 24 
9 8 . 1 1  
9 7 . 88 
9 7 . 8 1  
9 7 . 8 1  
9 7 . 94 
9 8 . 9 3 
9 7 . 8 1 
9 8 . 0 1 
98 . 0 7 
98 . 2 7 
9 8 . 60 
97 . 9 7 
96 . 96 
9 8 .  73 
9 7 . 52 
97 . 15 
96 . 69 
97. 29 
96 . 50 
96 . 73 
5 8  
4 8  Hours 
96 . 66 
9 7 . 35 
9 7 . 02 
9 6 . 83 
9 6·. 5 3 
9 6 . 4 3  
96 . 4 3 
90 . 4 7  
9 8 . 86 
96 . 4 7 
96 . .5-0 
96 . 4 7  
96 . 66 
96 . 8 3 
9 7 .  78 
96 . 96 
96 . 24 
96 . 9 2 
9 7 . 09 
96 . 69 
96 . 50 
9 6 . 50 
96 . 30 
. .  
. , . 
59 
F l ood i n g  of J u n e  2 5 ,  1 9 7 5  F lood ing of Ju l y  2 ,  1 9 75 
P i e zometer l\o . Pr]  or 24 Hours 4 8  Hours P ] e zomet e r  �o . Prior 2 4 Hours 48 Hours 
9 5 . 65 9 7 . 1 2  95 . 7 1  98 . 1 7 9 i . 8 8  
9 6 . 04 9 7 . 5 2  z 95 . 5 1 98 . 07 9 7 . 52 
3 9 5 . 7 1  9 7 . 29 3 95 . 5 8 9 7  . 6 1  96 . 60 
9 5 . 6 8 96 . 92 95 . 4 5 9 7 . 7 1 96 . 66 
9 5 . 6 5  9 6 . 69 5 95 . 87 9 7 . 35 97 . 19 
6 9 5 . 5 5  96 . 50 6 9 5 . 65 9 8 . 1 7 9 7 . 1 5  
9 5 . 5 8 96 . 50 7 9 5 . 5 5  99 . 1 2 9 8 .  76 
9 5 . 6 1  9 6 . 5 6  8 9 5 . 5 5 9 7 . 09 96 . 04 
9 9 6 .  s o  9 8 . 66 95 . 4 5 9 7 . 19 95 . 87 
1 0  9 5 . 6 1 96 . 56 1 0  95 . 5 1  96 . 6 3 95 . 84 
1 1 9 5 . 6 1  9 6 . 6 6  1 1  9 5 . 55 9 7 . 35 96 . 37 
1 2  9 5 . 5 8 96 . 6 0  1 2  9 5 . 55 96 . 99 96 . 04 
1 3  9 5 . 8 7 97 . 02 B 95 . 6 1  99 . 1 9 98 . 99 
1 4  9 5 .  7 4  9 7 . 2 2  1 4  95 . 9 1  99 . 22 98 . 96 
1 5  9 6 . 86 98 . 30 1 5  9 5 .  74 99 . 1 2 9e . s 3 
l b  9 6 .  79 9 6 . 9 9 1 6  96 . 99 9 8 . 0 7 97 . 9 4  
1 7 9 7 . 4 2 98 . 70 1 7  95 . 58 96 . 66 96 . 0 1  
1 8  96 . 0 7 96 . 89 1 11  96 . 14 98 . 30 98 . 1 4 
1 9 1 9  
20 zo 
21 2 1  
2 2  22 
2 3 2 �  
24 24 
2 5  2 5  
2 6  2 6  
2 7  2 7 
2 8 9 6 . 6 0  96 . 96 28 9 5 . 94 9 8 . 20 9 7 .  74 
2 9  9 6 . 4 3  96 . 5 3 29 96 . 6 3  96 . 66 96 . 66 
30 9 5 .  7 1  96 . 6(> 30 95 . 94 96 . 96 96 . 66 
3 1  9 6 . 3 3  9 6 . 4 0 : n  96 . 20 96 . 33 9 6 . 33 
32 9 5 . 6 1  96 . 3 3 32 95 . 68 96 . 30 96 . 1 0 
3 3  3 3  
3 4  3 4  
3 5  
3 5  
3 6  
3 6  
37 37 
38 
38 
60 
F l ood i ng of Ju l y  9 ,  1 9 75 F looding of Jul y  1 6 ,  1975 
? i e : omet c r  No . P r i o r  2 4  Hours 48 Hours P i c z ometer No . Prior 24 Hours 48 Hours 
9 5 . 74 9 7 . 8 1 9 7 . 5 5 96 . 60 97. 71 
9 6 . 2 7  96 . 5 3 9 5 . 6 1 95 . 1 5 96 . 20 
9 5 . 4 2 9 7 . 1 9 96 . 0 1 3 9 5 . 35 95 . 91 
9 5 . 4 2 96 . 2 7  9 5 . 4 5 95 • .J5 96 . 37 
·s 9 6 . 5 0 9 7 . 2 9  96 . 86 5 .9 6 . 37 - - - -- 96 . 63 
6 9 5 . 5 8  9 7  . 4 5 96 . 2 0 6 95 . 6 1  95 . 65 
9 7 .  9 7  9 8 . 3 0  9 8 . 0 1  7 97 . 35 98 . 34 
9 5 . 2 2 96 . 2 7 9 5 . 5 1 95 . 1 2 95 . 58 
9 5 . 35 96 . 2 7 9 5 . 5 8 9 9 5 . 1 2  95 . 58 
] 0  9 5 . 1 9  96 . 1 7 95 . 4 2 1 0  95 . SS 
1 1  9 5 . 2 8  96 . 30 9 5 . 5 1 1 1  95 . 42 95 . 6 5 
1 2  9 5 . 35 96 . 71.J 9 5 . 6 1 1 2  95 . 38 95 . 6 1 
1 3  9 8 . 1 1 98 . 6 3 9 S .  3 .. t 1 3  9 7 . 68 98 .99 
1 4  9 7 .  9 4  98 . 96 9 S . 6 6 1 4  9 7 .  7 1  98. . 96 
1 5  9 7 .  88 96 . 2 7 9 5 . ii l 1 5  9 5 . 4 8 9 5 . 6 1  
1 0  9 7 . 5 2 9 8 . 0 1 � r . 6 8 1 6 9 7 . 22 9lt . 20 
1 7  9 5 . 3 5  96 . 33 9 5 . 55 l :' 95 . 05 95 . 65 
1 8  9 7 .  4 8  9 8 . 0 7 9 7 .  5 :  1 8  96 . 5 3 9 7 . 4 5  
1 9  1 9  95 . 22 9 5 . 9 1  
2 0  2 0  95 . 25 96 . 04 
2 1  2 1  95 . 1 2 96 . 04 
2 2  22 95 . 28 96 . 20 
2 3  2 :� 95 . 5 1  96 . 27 
2 4  2 4  95 . 1 2  96 . ..  9 
2 5  25 95 . 55 9f. . 27 
26 26 9 5 . 2 2 96 . 86 
2 7  2 7  95 . 5 1 96 . 27 
2 8  9 7 . 06 9 7 . 7 4  �) - : 5 �  2 8  95 . 22 96 . �.i 
29 9 6 . 5 6 % . 56 9 6 .  5 0  2 9  95 . 14 96 . 24 
30 9 5 . 9 1 9 6 . 1 7  95 . 6 1 30 95 . 05 96 . 2.0 
3 1  9 0 . 1 4  96 . 1 0 95 . 9 4 3 1  95 . 71 95 . 74 
32 9 5 . 5 1  9 5 . 9 7 9 5 . bB 32 9 5 . 5 1  96 . 20 
� 3  3 3  95 . 32 9 5 .  1 
34 34 95 . 38 96 . 53 
3.S 35 95 . 1 5 96 . 04 
3(, 36 95 . 19 95 . 97 
3 7  3 7  95 . 22 95 . 91 
38 38 95 . 1 5 95 . 87 
F l ooding of Ju l y  2 � .  1 9 7 5  
P i e z:omet er N o .  P r i o r  2 4  Hours 
s 
6 
s 
9 
1 0  
1 1  
1 2  
1 3  
1 �  
I S  
1 6  
1 7  
I S  
1 9  
:; 0  
: 1  
3 3  
3 o  
:; s  
9 6 . S O 
9 5 . 2 5  
9 5 . 35 
9 5 . 38 
9 5 .  7 1  
9 5 . 6 1  
9 6 . 60 
9 5 . 1 9 
9 5 . 1 5  
9 5 . 4 2  
9 5 . 5 1 
9 7 . 5 2  
9 5 .  7 1  
9 5 . 4 5 
9 6 . 60 
9 5 . 02 
9 6 . 37 
9 5 . 09 . 
9 5 . 1 5  
9 5 . 2 2  
9 5 . 32 
9 5 . 4 5 
9 5 . 65 
9 5 . 4 5  
9 5 . 94 
9 5 . 74 
9 6 . 56 
96 . 1 0 
9 5 . 4 5  
9 5 .  i l  
9 5 . S S  
9 5 . 5 8  
9 5 . SS 
9 5 . 78 
9 5 . 1 2  
9 5 .  09 
9 5 . 0S 
9 7 . 84 
96 . 79 
96 . 63 
96 . 86 
9f . 37 
96 . 10 
99 . 09 
95 . 94 
96 . 1 4 
9 5 . 8 1 
95 . 9 1 
S6 . 4 3  
9 8 . 30 
96 . 0 7 
96 . 0 1 
9 7 .  4 8  
9 5 . 8 4  
9 7 . 6 8 
9 6 . 1 0  
96 . 40 
96 . 3 7 
9 6 . 4 0 
96 . 6 3 
96 . 99 
9 6 . 56 
96 . 7 3 
96 . 9 2 
9 8 . 04 
9 6 . 0 7  
96 . 3 7 
9 5 . 7 1  
9 5 . 87 
9 5 . 6 5 
9(, .  5 3  
9 5 . 84 
9 6 .  4 3  
9 6 . 1 7  
96 . 1 0 
48 Hours 
9 7 . 84 
9 6 . 60 
96 . 20 
96 . 37 
96 . 4 3 
96 . 20 
99 . 09 
96 . 24 
96 . 33 
96 . 2 7 
96 . 4 0 
96 . 4 0 
9 8 . 0 1 
96 . 3 7 
96 . 3 7 
9 7 . 5 2  
96 . 4 0 
9 7 . SS 
96 . 50 
96 . 6 3 
96 . 6 3 
96 . 6 3 
96 . 7 3 
96 . 86 
96 . 89 
96 . 9 2 
9 6 . 79 
9 8 . 1 1  
96 . 2 4 
96 . 89 
9 5 . 9 1  
9 6 . 04 
9 5 . 94 
96 . 66 
96 . 04 
96 . 4 0 
9 6 . 5 3  
96 . 4 3  
F l ood i n g  o f  Ju l y  30 , 1 9 75 
P i ezomcter No . Prior 24 Hours 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
J S  
1 6  
1 7  
1 8  
1 9  
: o  
2 3  
: 5  
: s  
3 0  
3 1  
3 3  
34 
35 
37 
38 
97 . 1 5 
9 5 . S l  
95 . 35 
95 ; 38 
95 . 78 
9 5 . 58 
9 8 . 24 
94 . 99 
9 5 . 25 
9 5 . 4 8 
95 . 58 
9 7 . 15 
95 . 68 
95 . 4 2 
96 . 73 
95 . 1 2 
96 . 56 
9 5 . 4 2  
9 5 . 6 1  
95 . 55 
95 . 5 8 
9 5 . 65 
95 . 94 
95 . 8 1  
9 5 . 87 
9 5 . 97 
9 7 . 52 
96 . 0 7 
9 5 . 74 
9 5 . 8 7  
9 5 . 9 1  
96 . 04 
9 5 . 9 7  
96 . 10 
95 . 55 
95 . 45 
95 . 38 
9 8 . 0 7  
96 . 07 
96 . 83 
96 . 5 3 
96 . 63 
9 6 . 79 
98 . 66 
96 . 30 
97 . 19 
96. 1 7  
96 . 69 
96 . 76 
9 8 . 2 7 
9 6 . 4 7  
96 . 63 
97 . 5 & 
96 . 2 7 
9 7 . 94 
96 . 50 
96 . 7� 
9 7 . 02 
96 . 79 
9 7 . o: 
9 7 . 29 
96 . 99 
9 7 . 4 8 
97 . 4 :  
97 . 55 
96 . 24 
96 . 86 
9 5 . 9 1  
96 . 1 4 
96 . 04 
96 . 89 
96 . 1 4 
96 . 99 
96 . 50 
96 . 47 
61 
4 8  I-lours 
97 . 84 
95 . 35 
95 . 87 
9 5 . 6 1  
96 . 3'7 
95 . 65 
98 . 20 
9 5 . 48 
96 . 0 1 
9 5 . 4 2  
95 . SS 
95 . 5 8  
98 . 1 1 
S5 . 6 5  
9 5 . 6 1  
9 7 . 35 
9 5 . 5 5 
9 7  . 5 5  
9 5 . 84 
96 . 0..t 
96 . 2(.l 
96 . 14 
96 . 2(• 
96 . 79 
96 . 24 
96 . 69 
9.6 . 7 3  
97 . 35 
96 . 20 
96 . 1 4 
9 5 . 9 1  
96 . 04 
96 . 04 
96 . 50 
96 . 0 '.'  
96 . 2 4  
95 . S :" 
95 . 8 1  
62 
F l ooding of August 6 ,  1 9 75 F l ooding of Aqgus t  1 3 ,  19 75 
P i e zometer No . Prior 24 Hours 4 8  Hours P i e zome t e r  No . Pri.or 2 4  Hours 4 8  Hours 
96 . 89 9 7 . 74 9 :4 . 69 9 7 . 5 1 
9 5 .  78 9 4 . 7P. 96 . 39 
96 . 4 7  !)6 .  7 5  
4 9 6 . 69 94 . 78 96 . 4 9 
s 9 6 . 33 5 9 4 . 88 9 7 . 67 
6 9 6 . 5 3  6 9 4 . 78 .96 .  9 5  
9 5 . 9 7  7 9 4 . 78 9 7 . 0 8  
8 9 5 . 2 5  9 6 . 04 p. 9 4 . 78 96 . 65 
9 95 . 2 5 9 6 . 04 9 94 . 8 2 9 7 . 84 
1 0  9 5 . 8 7  1 0  94 . 7 2  9 7 . 9 0  
1 1  9 5 . 4 8 96 . 24 1 1  . 9 4 . 7 5  9 7 .  38 
1 2  9 5 . 5 5 9 6 . 5 6  1 2  9 5 . 2 1 97 . 2 8 
1 3 97 . 35 1 3  9 4 .  7 2  97 . 08 
1 4  9 5 . 4 8 96 . 0 7 1 4  9 4 . 85 9 6 . 69 
1 5  9 5 . 4 2  96 . 24 1 5  94 . 88 96 . 9 2 
1 6  • 96 . 69 9 7 . 5 8  1 6  9 8 . 1 6  
1 7  9 5 . 09 96 . 0 1 1 7  9 4 . 88 97 . 1 1 
1 8  9 6 . 30 9 7 . 5 2  1 8 9 4 . 8 5 9 7 . 0 2  
1 9  9 4 . 99 96 . 2 7 1 9  9 5 . 1 9  96 . 73 
2 0  9 5 . 1 2  96 . 60 20 9 5 . 22 9 7 . 02 
2 1  9 5 .  09 9 6 . 8 3  2 1  9 5 . 19 9 7 . 1 2  
2 2  9 5 . 2 2 96 . 63 2 2  9 5 . 2 5 96 . 96 
2 3 9 5 . 4 5  96 . 86 2 3  9 5 . 4 5 97 . 1 9 
2 4  9 5 . 4 8  9 6 . 99 24 9 5 . 38 9 7  . 1 9 
2 5  9 5 . 38 9 6 . 69 25 9 5 . 55 9 7 . 25 
26 9 5 . 6 1 9 6 . 99 26 9 5 . 4 5 97 . 5 2 
2 7  9 5 .  7 1  96 . 7 3 2 7  9 5 . 4 8 97 . 35 
2 8 9 6 . 69 9 7  . 4 5 2 8  9 6 . 1 7 9 8 . 0 1  
29 9 6 . 2 0  96 . 2 0 29 9 6 . 1 7 96 . 2 7 
30 9 5 . 35 96 . 60 30 9 5 . 4 8 96 . 99 
3 1  9 5 . 8 7 9 5 . 74 31 96 . 0 1 96 . 04 
32 9 5 . 35 95 . 6 1 32 9 5 . 4 5 96 . 1 4 
3 3  9 5 . 7 1 9 5 . 84 33 
9 5 . 71 95 . 7 8  
3 4  9 5 . 38 96 . 5 3 34 9 5 .  35 96 . 86 
35 9 5 . 7 8 95 . 74 
35 9 5 . 55 95 . 7 1 
36 9 5 . 2 8  96. 1 7  36 9 5 . 1 2 96 . 7 3 
37 9 5 . 02 96 . 30 37 9 5 . 1 5 96 . 7 3 
38 9 4 . 89 96 . 30 38 9 5 . 1 2 96 . 89 
63 
F l ooding o f  August 2 0 ,  1 9 7 5  F l ooding o f  Augu s t  2 7 ,  1 9 75 
.P i e zome t e r  No . Prior 24 Hours 48 Hours P i e z omet e r  No . P r i or 24 Hours 48 Hours 
9 5 . 7 7 96 . 75 94 . 9 8  95 . 5 1  
94 . 7 5 95 . 8 3 94 . 59 95 . 2 1  
3 94 . 7 8 96 . 03 94 . 8 8 95 . 24 
4 94 . 7'2 96 . 00 4 94 . 65 95 . 3 1 
5 94 . 9 8 96 . 9 2 s 94 . 85 95 . 70 
6 9 4 . 8 8 96 . 4 9 . 6 94 . 8 5 95 . 4 4 
9 5 . 1 5  1 00 . 1 3  7 9 7 . 80 95 . 60 
8 94 . 7 2  9 6 . 03 8 94 . 65 95 . 3 1 
9 96 . 1 9 1 00 . 1 3  9 9 7 . 64 
1 0  9 5 . 3 7  96 . 39 1 0  94 . 8 2 96 . 39 
1 1  9 5 . 3 7  99 . 64 1 1  96 . 75 95 . 4 1  
1 2  9 5 . 0 1  96 . 5 2 1 2  9 5 . 08 % . 75 
1 3  94 . 78 96 . 2 3 1 3  94 . 7 5 95 . 34 
1 4  9 4 . 78 96 . 0 3 1 4  9 4 . 6 5 95 . 3 1 
1 5  9 4 . 9 2 96 . 1 0 I S  94 . 7 2 95 . 3 7 
l b  9 5 . 9 7  99 . 1 5 1 6  96 . 36 9 5 .  7 7  
1 7  94 . 8 2 96 . 06 1 7  94 . 7 8 9 5 . 3 7  
1 8  94 . 8 8 96 . 4 2 1 8  94 . 9 5 9 7 . 02 
1 9  9 5 . 1 2  9 6 . 30 19 95 . 0 2 95 . 6 1  
20 9 5 . 32 96 . 4 0 20 95 . 1 2 95 . 7 1 
2 1  9 5 . 22 96 . 50 2 1  9 5 . 1 2 95 . 7 l  
2 2  9 5 . 2 2 9 6 . 69 22 9 5 . 1 2 95 . 94 
2 3  9 5 . 38 96 . 89 2 3  9 5 . 3 8 96 . 04 
2 4  9 5 . 4 2  96 . 86 24 95 . 2 8 95 � 9 7  
2 5  9 5 . 4 5  9 6 . 66 .25 9 5 . 4 5 96 . 0 7  
2 6  9 5 . 4 2  9 7 . 1 5 26 95 . 4 5  96 . 3 3 
2 7  9 5 . 6 8  9 7 . 1 9 2 7  95 . 7 1  96 . 33 
2 8  9 6 . 2 0  97 . 4 2 2 8  96 . 4 7  9 7 . 1 5 
2 9  9 5 . 5 5  96 . 30 29 9 6 . 14 96 . 2 7 
30 9 5 . 5 8 96 . 79 30 9 5 . 5 5 96 . 2 7 
3 1  96 . 04 96 . 1 0  31 96 . 1 0 9 6 . 1 4  
3 2  9 5 . 4 2 96 . 0 1 32 9 5 . 38 95 . 8 1 
33 9 5 . 6 1  95 . 8 1 3 3  9 5 . 5 8 9 5 . 78 
34 9 5 . 4 2  96 . 69 34 9 5 . 38 96 . 1 0  
35 9 5 . 6 1  95 . 84 3
5 9 5 . 7 1 9 5 . 74 
36 9 5 . 05 9 6 . 30 
36 9 4 . 96 95 . 5 1 
3 7  9 5 . 05 96 . 37 
3 7  9 5 . 02 95 . 7 1  
38 9 5 . 0 5  9 6 . 50 
38 9 4 . 99 95 . 68 
64 
F l ood ing of Sept�mber 3 ,  1 9 75 
P i e zome t e r  No . Prior 24 Hours 48 Hours 
94 . 82 96 . 1 3 96 . 0 3 
2 94 . S S 96 . 26 96 . 2 3 
3 9 4 . 62 97 . 02 96 . 9 8  
96 . 1 3 96 . 26 
5 96 . 4 2  96 . 03 
6 94 . 6S 96 . 26 96 . 06 
7 9 5 . 2 1 
94 . S S 96 . 1 3 96 . 33 
9 96 . 8S 96 . 36 
1 0  9 S . 2 8 9 7  . 9 7 9 7 . 1 8  
1 1  96 . 7 S 96 . 85 
12 9 7  . 1 8 9 8 . 8 2 
1 3  96 . 1 9 96 . 36 
1 4  94 . 6S 96 . 29 96 . 5 2 
l S  9 4 . 62 96 . 1 9 96 . 49 
16 96 . 29 96 . 36 
1 7  96 . 0 3 96 . 36 
18 9 7  . 1 8 99 . l S 98 . 49 
19 9 S . 02 96 . 30 96 . 60 
20 96 . 37 96 . 69 
2 1  9S . 02 96 . 4 3  96 . 76 
22 9 S . 2 8 96 . ()9 96 . 8 3 
2 3  9 S . OS 9 7 . 02 96 . 96 
24 9 S . 1 5  96 . 76 96 . 8 3 
2S 9 S . 2 8 96 . 9 2 9 7 . 0 2  
2 6  9 S . 45 9 7 . 29 9 7  . 1 5 
2 7  9S . SS 97 . 1 2 . 9 7 . 09 
28 96 . 20 9 7 . 6 1  9 7 . 5 2 
29 96 . 37 96 . 2 7 96 . 4 3 
30 .9 5 . S S  96 . 69 97 . 09 
31 96 . 04 96 . 1 0 96 . 2 7 
32 95 . 28 9S . 87 96 . 7 3 
33 95 . 65 9S . 7 1 95 . 94 
34 9S . 2 8 96 . 5 3 96 . 92 
35 9 5 . SS 9 S . 68 9 7 . 06 
36 94 . 89 96 . 2 7 96 . 5 3 
37 9 S . 05 96 . 37 96 . 60 
38 94 . 96 96 . 4 3 96 . 60 
Appendix F .  Analyses of Variance (23) . 
Source of Variation 
North Infiltration Rate x 
South Infi ltration Rate 
Error 
Total 
Middle Infiltration Rate x 
South Infiltration Rate 
Error 
Total 
North Depth Attained x 
South Depth Attained 
· Error 
Total 
Degrees of 
Freedom 
1 
36 
37 
1 
33 
34 
1 
38 
39 
* Indicates significance at the 0 . 05 level 
* *Indicates significance at the 0 . 01 level 
Sum of Squares 
o .  09 360 
o .  79877 
0 . 89237 
2. 43737 
0 . 40721 
2 . 84458 
0. 1 3625 
0. 308 15 
0 . 44440 
Mean Square 
0 . 09 360 
0 . 022 19 
2. 43737 
0. 01234 
0 . 1 36245 
0 . 0081 09 
F Value 
4 . 22* 
19 7 . 52** 
16 . 80** 
'°' (11 
